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Aim: To process the electrocardiogram (ECG) signals using MATLAB-based graphical user
interface (GUI) and to classify the signals based on heart rate.
Method: The subject condition was identiﬁed using R-peak detection based on discrete
wavelet transform followed by a Bayes classiﬁer that classiﬁes the ECG signals. The GUI
was designed to display the ECG signal plot.
Results: Obtained from MIT database 18 patients had normal heart rate and 9 patients had
abnormal heart rate; 14.81% of the patients suffered from tachycardia and 18.52% of the
patients have bradycardia.
Conclusion: The proposed GUI display was found useful to analyze the digitized ECG signal by
a non-technical user and may help in diagnostics. Further improvement can be done by
employing ﬁeld programmable gate array for the real time processing of cardiac signals.
# 2015 Cardiological Society of India. Published by Elsevier B.V. All rights reserved.
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ScienceDirect
journal homepage: www.elsevier.com/locate/ihjCardiovascular disease is one of the most common causes of
deaths worldwide. By 2020, heart disease will be the leading
cause of death throughout the world.1 In this paper, we
analyzed the MIT/BIH arrhythmia database electrocardio-
gram (ECG) signals. Discrete wavelet transform (DWT) was
used for detecting R-peaks followed by heartbeat calculation.
Then the ECG signal was classiﬁed based on Bayes classiﬁer
and the signal plot was shown using graphical user interface
(GUI).
The digitized ECG signals required for analysis were
collected from physionet MIT-BIH arrhythmia database, and
it was taken as an input for our experiment. The original signal* Corresponding author.
E-mail address: jaganathaniitkgp@gmail.com (S.K. Jaganathan).
http://dx.doi.org/10.1016/j.ihj.2015.07.017
0019-4832/# 2015 Cardiological Society of India. Published by Elsevierwas ﬁltered with a band pass ﬁlter and then it was utilized for
further analyzing of ECG signals. The wavelet transform2 was
applied to the signal to obtain the R-peak. With the help of the
detected R-peak, R-R interval was calculated.3 After the
calculation of R-R interval, the heart rate was determined
using Eq. (1)
Heart rate ¼ 60
R-R interval ðsÞ (1)
Depending upon the heart rate, the arrhythmia may be classi-
ﬁed as bradycardia or tachycardia or normal. Finally, the
program was interfaced with a MATLAB GUI for the easy B.V. All rights reserved.
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analyzed outcome of our work.
The sampling frequency was chosen to facilitate imple-
mentations of 60 Hz (mains frequency) digital notch ﬁlters in
arrhythmia detectors. The uncontaminated ECG signal was
obtained using a band pass ﬁlter, which was used for further
analysis. Once the noise-free ECG was acquired, wavelet
analysis was performed. The R peak, which is an important
feature of ECG signal, was detected. After the R peak was
detected, the R-R interval was calculated. Sayantan et al. used
an algorithm that detects the R-R interval after decomposing
the ECG wave by Daubechies Wavelet (db6) from the ECG
signal.4 In our trial, the period between two R-R intervals
were premeditated using the MATLAB programming. In theFig. 1 – The resulted output of the proposed scheme. (A) The orig
after the noise is removed, are displayed. (B) After the noise is re
red and exhibited. (C) The GUI display of the program after inte
detected from the input signal.algorithm proposed by Oweis et al., the time domain analysis
on ECG signal was performed to determine the heart rate and
further classiﬁcation of the ECG signals was based on the heart
rate.5 In our work we followed the same method and used the
Bayes classiﬁer to distinguish the normal and abnormal ECG
signals. The ﬁndings of the experiment are tabulated in
Table 1.
The heart rate was calculated using the MATLAB code and
the accuracy was 86.25%. Around 18 patients have normal
heart rates from the MIT database and only 9 patients have
an abnormal heart rate. 14.81% of the patients have heart
rate greater than100 beats/min (tachycardia), and 18.52% of
the patients have heart rate less than 60 beats/min (brady-
cardia).inal ECG signal with the noise and the de-noised ECG signal,
moved from the given input the R-peaks are highlighted in
rfacing, which shows the R-R interval and the heart rate
Table 1 – Outcomes of MIT records subjected to the
proposed algorithm.
MIT
records
R-R interval
(s)
Heart rate
(beats/min)
Condition
100 0.836 71.76 Normal
102 0.833 72 Normal
103 0.916 65.45 Normal
104 0.827 72.48 Normal
105 0.772 77.69 Normal
106 0.905 66.25 Normal
107 1.027 58.37 Bradycardia
108 58.950 1.017 Bradycardia
109 0.758 79.12 Normal
208 0.594 100.93 Tachycardia
209 0.647 92.70 Normal
210 0.586 102.36 Tachycardia
212 0.738 81.20 Normal
213 0.583 102.85 Tachycardia
214 0.736 81.50 Normal
215 0.522 114.89 Tachycardia
217 0.886 67.71 Normal
219 0.791 75.78 Normal
220 0.847 70.78 Normal
221 0.566 105.88 Tachycardia
222 0.888 67.50 Normal
223 0.766 78.26 Normal
228 0.883 67.92 Normal
231 1.038 57.75 Bradycardia
232 1.933 31.03 Bradycardia
233 0.775 77.40 Normal
234 0.694 86.40 Normal
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button displayed would be enough to ﬁnd the response that we
are interested in. An exhibit of the R-R interval and the heart
rate along with the patient condition was displayed. Theoutputs of the proposed method are shown in Fig. 1. This
proposed algorithm may be combined with Intelligent Hospi-
tal Information System helping the healthcare specialists in
diagnostics.
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